A two-dimensional numerical investigation of turbulent convective heat transfer due to a confined slot jet impinging on an isothermal moving surface is accomplished. The confined geometry has an upper adiabatic surface parallel to the heated moving plate and the slot jet is in the middle of the confining adiabatic wall. The working fluids are pure water or a nanofluid, which in this case was a mixture of water and Al 2 O 3 nanoparticles. The governing equations are written adopting the k-ε turbulence model with enhanced wall treatment and the single-phase model approach for the nanofluids. The numerical model is solved using the finite volume method with the Ansys Fluent code. Two geometric configurations regarding two values of the jet distance from the target surface are considered in the simulations. The concentration of nanoparticles ranges from 0% to 6%, with a single diameter equal to 30 nm, Reynolds numbers ranging from 5000 to 20000, and a moving surface-jet velocity ratio between 0 and 2 are examined in the investigation. The aim is to study the system behaviors by means of local and average Nusselt numbers, local and average friction factor/skin friction factor, stream function, and temperature fields. Results show that the presence of nanoparticles determines an increase in the dimensionless heat transfer but, as expected, does not affect the friction factor. The local and average increase in Nusselt numbers is also due to a combined effect of the moving plate and nanofluids.
Introduction
Different heat transfer enhancement techniques are employed in forced convection, depending on the features required by the applications [1] . One of the most efficient and used techniques is an impinging jet on a surface and it is found in several engineering applications such as the drying of textiles, film, and paper, cooling of gas turbine components and combustors, vehicle windshield de-icing/de-fogging and aircraft anti-icing, freezing of tissue in cryosurgery and manufacturing, electronic cooling, and solar energy collectors [2] [3] [4] [5] [6] [7] . However, numerous industrial applications, such as paper and textile drying, glass tempering, and metal manufacturing, are related to a moving plate with high heat and mass transfer, as well as a high Reynolds number. In the following, a short review with reference to a submerged impinging jet on a moving surface is presented.
A pioneering experimental investigation on jet impingement on a moving wall was presented by Subba Raju and Schlünder [8] . The experiments were accomplished with regard to heat transfer transfer in confined slot-jet impingement on a moving isothermal plate was carried out by Sharif and Banerjee [21] . The results showed a significant average Nusselt number increase with the increase in the jet Reynolds number and plate velocity. Chattopadhyay and Benim [22] numerically studied the turbulent convective heat transfer caused by an array of plane jets impinging on a moving plate at an assigned temperature for Reynolds number values up to 50000. The results indicated that the heat transfer distribution significantly depended on the surface velocity. Single and multiple circular jets impinging perpendicularly on a flat plate were numerically studied by Badra et al. [23] . Design optimization for single and multiple-jet configurations was also achieved. A numerical study on turbulent convection in a slot jet impinging on a moving wall at an assigned temperature was presented by Benmouhoub and Mataoui [24] . The results were similar to the ones given in Reference [19] , and correlations for average skin friction and Nusselt number as a function of Reynolds number, between 10000 and 25000, and surface-to-jet velocity ratio, from 0 to 4.0, were proposed.
Laminar convective heat transfer on an isothermal moving plate due to twin impinging slot jets with a nanofluid was reported by Başaran and Selimefendigil [25] . The results showed that the heat transfer increased with the plate velocity, Reynolds number, and the volumetric concentration of nanoparticles. A numerical investigation of a nanofluid slot jet impinging on a moving plate at an assigned temperature was performed by Ersayın and Selimefendigil [26] in a laminar regime. The increase in the volumetric concentration of nanoparticles resulted in an increase in the heat transfer. Combined artificial neural networks and a micro-genetic algorithm to evaluate the optimum configuration of slot jets impinging on a moving plate in a laminar regime to maximize heat transfer was accomplished by Kadiyala and Chattopadhyay [27] . The results showed that for the optimal configurations, the height of the jets and surface velocity should be as low as possible. The convective heat and moisture transfer of a slot jet impinging on a moving plate was numerically studied by Bai et al. [28] . The results showed that heat and moisture transfer rates have a significant non-linear dependence on the moving speed of the plate. These could allow the heat and mass transfer to be enhanced for suitable exit jet and plate velocities. A numerical investigation on a slot jet impinging on a moving wall at uniform temperature to evaluate the turbulent convective heat transfer was provided by Benmouhoub and Mataoui [29] . It was noted that for high surface-to-jet velocity ratios, no stagnation point was detected due to the complete detachment of the flow from the wall. The turbulent convective heat transfer of a slot jet impinging on a moving plate maintained at a constant temperature was numerically studied by Aghahani et al. [30] . The jet Reynolds number and the effects of the surface-to-jet velocity ratio on the heat transfer were analyzed. It was found that for an assigned surface-to-jet velocity ratio (R), the average Nusselt number increased with the Reynolds number (Re). For an assigned Re, the average Nusselt number with R presents a minimum value and it increases significantly with respect to the stationary condition for R > 2.5.
The jet inclination effect on a heated isothermal moving plate was presented in two numerical studies by Benmouhoub and Mataoui [31, 32] . The results showed that the accurate inclination of the jet in the opposite direction to the moving plate significantly enhances local heat transfer in the region of the stagnation point. The effect of a moving nozzle or moving plate, in a laminar impinging unconfined jet, was numerically studied by Rahimi and Soran [33] . Both the plate and the nozzle velocities significantly affect the fluid flow and heat transfer over the heated surface. The average Nusselt number decreased with velocity for both plate and nozzle movement. An investigation on the combined convective-conductive heat transfer problem in a turbulent slot jet impinging normally on a moving plate with finite thickness was accomplished by Achari and Das [34] . The bottom surface of the heated plate was at an assigned and uniform temperature. The increase in the speed of the plate determined a more uniform distribution of local heat transfer behaviors at the solid-fluid interface. An array of impinging round jets on a moving isothermal heated plate was numerically studied by Kadiyala and Chattopadhyay [35] . In the analysis, the moving plate-to-jet velocity ratio was considered up to 6 and it was detected that, for higher plate velocities, the convection heat transfer from the moving surface was greater than that from the stationary surface. Similar results to those presented in Reference [34] were found by Shashikant and Patel [36] regarding conjugate heat transfer due to an impinging jet on an isothermal heated moving plate. Kadiyala and Chattopadhyay [37] carried out a numerical investigation on a series of impinging slot jets on a moving plate at an assigned temperature to evaluate the transition from laminar to turbulent flow. The results related to the heat transfer behaviors were similar to their previous work on multiple round jets.
The review noted that an impinging jet on a moving plate has been widely studied for different flow regimes and fluids, as highlighted in Table 1 . However, apart from the works presented by Başaran and Selimefendigil [25] and Ersayın and Selimefendigil [26] , the use of nanofluids in an impinging jet on a moving plate in a turbulent regime with nanofluids has not been fully addressed. It seems to the best of the authors' knowledge that there are no papers on an impinging jet with nanofluids on a moving plate in a turbulent regime. In the present paper, for the first time, a numerical investigation of turbulent convective heat transfer with nanofluids in a confined and submerged impinging slot jet on a heated moving plate at assigned uniform temperature is provided to evaluate thermal and fluid dynamic behavior, adopting a single-phase approach. The analysis highlights the effect and the possible advantages of the nanofluids with respect to the simple base fluids for the Reynolds jet number in the range from 5000 to 20000 and a heated moving surface-jet velocity ratio between 0 and 2. The results in terms of temperature and fluid flow fields and local and average dimensionless heat transfer coefficients are presented for an Al 2 O 3 /water mixture at different concentrations. 
Geometrical Description and Governing Equations
A numerical thermo-fluid dynamic study of a two-dimensional problem, which is shown in Figure 1a , regarding a confined slot-jet impinging on a heated moving plate, was developed in order to estimate the thermal and fluid dynamic performances upon the adoption of nanofluids. The cold jet at temperature T j = 293 K and velocity V j , orthogonal to the moving plate, was used to remove the heat from the plate itself. The impinging jet configuration that was investigated consisted of a nozzle with a width W equal to 6.2 mm and a moving plate with a length L, in the computational domain, equal to 620 mm, whose distance from the upper plate H, ranged from 24.8 mm to 120 mm. The target bottom surface was considered stationary or moving at a constant velocity, and a constant temperature value of 343 K was assigned. The working fluid was water or a water/Al 2 O 3 nanofluid at various concentrations of particles up to a total of 6%. The thermophysical properties of the base fluid (water) and of the nanoparticles (Al 2 O 3 ) were assumed to be constant with temperature and were evaluated at a temperature of 293 K.
apposite turbulence model. By adopting the eddy viscosity models, the turbulent Reynolds stresses and the turbulent heat transfer were calculated as in Reference [21] :
Turbulent heat transfer flux:
where μt is the turbulent viscosity,
is the turbulent kinetic energy, Prt is the turbulent Prandtl number, and δi,j is the Kronecker symbol.
The standard k-ε model, proposed by Launder and Spalding [38] , is considered to evaluate the turbulent viscosity as follows:
where Cμ is the empirical constant, and
rate. Finally, the transport equations for the turbulent kinetic energy k and for the time rate dissipation ε are defined as follows: A single-phase approach to model the water/Al 2 O 3 nanofluid was adopted in the present study. In this approach, the base fluid and solid particles were assumed to be in hydrodynamic and in thermal equilibrium, with a negligible slip velocity between the solid and fluid phases. This assumption was applied when the volumetric fraction of the nanoparticles was small, such that the mixture of water and nanoparticles was treated as a homogeneous phase. The jet was assumed to be two-dimensional, steady-state, incompressible, and turbulent with a negligible buoyancy force. Furthermore, the effects of viscous dissipation and radiation on heat transfer were neglected.
Under the above assumptions, the continuity and momentum equations, known as ReynoldsAveraged Navier-Stokes (RANS), and the energy equation are written as follows: 
where u i , T, and P are the velocity components in the directions x i , the temperature, and the pressure, respectively, and ρ nf , λ nf , and c p,nf are the density, the thermal conductivity, and the heat capacity of the nanofluid, respectively. The turbulent Reynolds stresses,ρ n f u i u j , in the momentum Equation (2), and the turbulent heat transfer flux, ρ n f u i T , in the energy Equation (3) were evaluated using an apposite turbulence model. By adopting the eddy viscosity models, the turbulent Reynolds stresses and the turbulent heat transfer were calculated as in Reference [21] :
Turbulent Reynolds stresses :
Turbulent heat transfer flux :
where µ t is the turbulent viscosity, k = u i u i /2 is the turbulent kinetic energy, Pr t is the turbulent Prandtl number, and δ i,j is the Kronecker symbol.
where C µ is the empirical constant, and ε = µ n f /ρ n f ∂u i /∂x j ∂u i /∂x j is the turbulence dissipation rate. Finally, the transport equations for the turbulent kinetic energy k and for the time rate dissipation ε are defined as follows:
where the buoyancy and compressible effects are neglected according to the hypotheses mentioned above. Moreover, G k is the production of turbulent kinetic energy due to the mean velocity gradients, which is given by:
and σ k , σ ε , C 1ε , and C 2ε are empirical constants, which were assumed to be:
The momentum and energy Equations (1)- (3) were solved by applying the boundary conditions. These conditions were uniform velocity and temperature profiles on the inlet jet section, pressure outlet on the exit sections, adiabatic wall and no-slip velocity on the upper wall, uniform velocity along the x direction, and constant temperature on the target wall. At the inlet jet, the turbulence intensity and the length scale were set to be equal to 2% and equal to a hydraulic diameter of 2W.
The following dimensionless parameters were considered for the data reduction:
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where θ is a dimensionless temperature, Re is the Reynolds number, U p is the dimensionless velocity of the moving plate, C f is the skin friction coefficient, Nu is the local Nusselt number, and T p and T j represent the temperature of the impingement surface and the jet temperature, respectively. It should be noted that C f and Nu are local values and functions of the x coordinate, i.e., C f (x) and Nu(x). Finally, the average Nusselt number and the average skin friction coefficient are defined as follows:
Properties of Nanofluids
The Al 2 O 3 /water mixture with nanoparticles possessing a diameter of 30 nm, at different volume fractions equal to 0% (pure water), 2%, 4%, and 6%, was considered as a working fluid. The thermophysical properties, such as density, specific heat, dynamic viscosity, and the thermal conductivity, of base fluid (water) and nanoparticles (Al 2 O 3 ) are shown in Table 2 [39] . The particles' concentration influenced the mixture properties, which were calculated by means of the equations available in the literature. The single-phase approach was adopted and the theoretical formulas, valid for two phase mixtures, were used to compute the density and specific heat of the nanofluid [40, 41] :
Density:
Specific heat:
where the ρ bf , (ρc p ) bf , and ρ np , (ρc p ) np are the density and heat capacity of the base fluid and of the nanoparticles, respectively, and ϕ is the volumetric fraction of the nanoparticles. Moreover, empirical correlations were applied to evaluate the effective dynamic viscosity and effective thermal conductivity [40, 42, 43] : Effective dynamic viscosity:
Effective thermal conductivity:
where k B is the Boltzmann constant, d np is the diameter of the nanoparticles, and β and f are fitting functions to experimental data. They are given by:
where T 0 , equal to 293 K, is the reference temperature. Equations (15) and (16) are valid for temperature values from 293 K to 363 K and for a volumetric concentration of nanoparticles between 1% and 10%. The calculated properties, depending on the concentration of particles, are reported in Table 3 . 
Numerical Procedure
The governing Equations (1)- (3) were solved using the finite volume method adopting Ansys Fluent (19.2, Ansys, Canonsburg, PA, USA) code [44] . A steady-state, pressure-based method and a second-order upwind scheme for the energy and momentum equations were chosen. The SIMPLEC scheme was adopted to treat the pressure-velocity coupling, while the central difference scheme is considered to discretize the diffusion terms, as indicated in References [22, 24, 29, 31] . It was assumed that the flow was turbulent in all regions and the standard k-ε turbulence model was adopted, as in References [14, 22, 24, 34, 36] . The enhanced wall treatment [45] was considered to model the turbulence near the walls. In this approach, the layer near the wall was subdivided into two regions, the viscous sublayer where the Reynolds number Re y was less than 200, and the fully turbulent region where the Re y was greater than 200. The Reynolds number, which referred to the distance y from the wall, was defined as Re y = (ρyk 1/2 )/µ. In the viscous region, Re y < 200, an equation from the Wolfstein model was applied [45] , where the scalar equation of the turbulent kinetic energy k was solved and the µ t and ε were evaluated using algebraic expressions. In the fully turbulent region, Re y > 200, the standard k-ε was applied to calculate the eddy viscous µ t . Finally, the blending functions were applied to obtain a single expression for eddy viscosity µ t that was valid for the entire wall region. For all the numerical investigations carried out in the present study, the scaled residuals for the energy and momentum equations were assumed to be equal to 10 −8 and 10 −6 , respectively.
Grid sensitivity tests were conducted to obtain a more convenient grid size by monitoring the Nusselt number and the skin friction along the moving plate. Four different non-uniform meshes were tested on the model with H/W = 6 at Re = 15000, considering a nanofluid in which the volumetric fraction of the nanoparticles was 4%, and the dimensionless velocity of the moving plate was equal to 1. They had n x × n y nodes equal to 100 × 60, 200 × 120, 400 × 240, and 800 × 480. Meshes had finer distributions of nodes near walls and the jet inlet, which became sparser toward the exit sections, as shown in Figure 1b . For all the cases considered, the dimensionless distance y+ of the first node near the wall was less than 3. The local Nusselt number, Nu, and the skin friction, C f , along the moving plate are shown in Figure 2 for the four different meshes considered. Moreover, in the same figure, the values of the average Nusselt number and of the skin friction coefficient are also reported. It is observed, in Figure 2a , that the significant differences of the Nusselt number between the finest mesh and the coarsest mesh were detected near the exit section on the left and they were significantly reduced close to the impinging jet. This discrepancy decreased upon increasing the nodes of the mesh. Furthermore, in Figure 2b , it is noted that the differences between skin friction coefficient profiles were insignificant for different meshes. The third grid was adopted because the comparison with the fourth one, in terms of average Nusselt number and average skin friction, showed relative errors equal to 1.2% and 0.5%.
The numerical simulation was validated by comparing the obtained numerical data with the experimental and numerical data given in References [21, 46, 47] . In these papers, the working fluid was air. Figure 3 presents the comparison in terms of the local Nusselt number profiles along the target wall for the case characterized by Re = 11000, H/W = 6, T j = 373 K, and T plate = 338 K, and the obtained results are in good agreement with the experimental ones given in References [46, 47] for stationary plates. In Table 4 , the comparisons with the results given in Reference [21] in the case of a moving surface in terms of average values of the Nusselt number and the skin friction coefficient are reported. It is observed in Table 4 that the maximum discrepancies between the obtained results and the ones provided by Reference [21] are less than 5%.
the moving plate are shown in Figure 2 Figure 2b , it is noted that the differences between skin friction coefficient profiles were insignificant for different meshes. The third grid was adopted because the comparison with the fourth one, in terms of average Nusselt number and average skin friction, showed relative errors equal to 1.2% and 0.5%. The numerical simulation was validated by comparing the obtained numerical data with the experimental and numerical data given in References [21, 46, 47] . In these papers, the working fluid was air. Figure 3 presents the comparison in terms of the local Nusselt number profiles along the target wall for the case characterized by Re = 11000, H/W = 6, Tj = 373 K, and Tplate = 338 K, and the obtained results are in good agreement with the experimental ones given in References [46, 47] for stationary plates. In Table 4 , the comparisons with the results given in Reference [21] in the case of a moving surface in terms of average values of the Nusselt number and the skin friction coefficient are reported. It is observed in Table 4 that the maximum discrepancies between the obtained results and the ones provided by Reference [21] are less than 5%. 
Results and Discussion
The Reynolds numbers considered in the simulations were from 5000 to 20000 and the volumetric concentration of Al 2 O 3 nanoparticles in pure water varied between 0% to 6%. The main effect of the nanoparticles was a heat transfer increase for all values of surface-jet velocity ratio, as pointed out in Figure 4 , for Re = 5000. The main effect caused by the moving plate was the significant reduction of the Nusselt number at the stagnation point, close to the jet impingement location, and the complete loss of symmetry in the local Nusselt number profiles along the heated plate, which agrees with the literature, see Reference [21] . The local Nusselt number at the stagnation point started from a maximum value for the stationary plate at a quasi-uniform value in the downstream region for the highest velocity plate, U p = 2.0. At an assigned x/W value, the effect of the volumetric concentration increase in the nanofluid mixture determined an increase in the local heat transfer for an assigned Reynolds number and U p , as shown in Figure 4 . However, for U p = 0 in Figure 4a , a clear increment between −25 < x/W < 25 was observed with a maximum increase in the stagnation region. In Figure 4b -d, the maximum local Nusselt number was attained at the left open boundary, but this was a non-physical process, as underlined in Reference [21] . However, this problem was only local and had little influence on the global flow and thermal field [21] . For U p > 0, it is noted that the increase in the local Nusselt number due to the increase of the volumetric concentration increased as the surface-jet velocity ratio increased, as shown in Figure 4b -d. The increase was due to the increase in the thermal conductivity with increasing volumetric concentration and the velocity increase, which allowed the heated surface to move more rapidly toward the colder zone with a thinner boundary layer and a higher turbulent flow. The combined effect determined a lower thermal resistance, which facilitated the heat transfer.
The heat transfer improvement did not depend significantly on the distance between the jet entrance section and moving surface, H/W, for the considered values equal to 6 and 10. For the lowest considered Reynolds value, equal to 5000, and in Figure 5 , the differences between the two H/W values were small. However, the effect of the volumetric concentration was clearer, as shown in Figure 5b for U p = 2.0, where the increase in the local Nusselt number was about 16%, both in the stagnation region, around x/W = 0, and downstream of this zone. The increase was about the same for both the H/W values considered here. It is observed, in Figure 5b , that for this Re value, equal to 5000, the H/W variation did not affect the local Nusselt number upstream of the stagnation region up to about x/W = 5.0. This suggests that, in the surface heat transfer, upstream of x/W = 5, the diffusive effect prevailed. For U p = 0.0, in Figure 5a , the increase in the local Nusselt number, due to the volumetric concentration, was at a maximum at the stagnation point, in agreement with Reference [48] .
for both the H/W values considered here. It is observed, in Figure 5b , that for this Re value, equal to 5000, the H/W variation did not affect the local Nusselt number upstream of the stagnation region up to about x/W = 5.0. This suggests that, in the surface heat transfer, upstream of x/W = 5, the diffusive effect prevailed. For Up = 0.0, in Figure 5a , the increase in the local Nusselt number, due to the volumetric concentration, was at a maximum at the stagnation point, in agreement with Reference [48] . For the highest considered Reynolds number equal to 20000, in Figure 6 , at the same volumetric concentrations, 0% and 6%, the differences between the cases with H/W = 6 and H/W = 10 were greater than the previous considered Re. For Up = 2.0 in Figure 6b , the difference between the curves for H/W = 6 and H/W = 10 started upstream of the stagnation point, at about x/W = −10. These For the highest considered Reynolds number equal to 20000, in Figure 6 , at the same volumetric concentrations, 0% and 6%, the differences between the cases with H/W = 6 and H/W = 10 were greater than the previous considered Re. For U p = 2.0 in Figure 6b , the difference between the curves for H/W = 6 and H/W = 10 started upstream of the stagnation point, at about x/W = −10. These differences became clearer downstream of the stagnation point. In detail, the local heat transfer was higher for H/W = 10 than for H/W = 6 up to about x/W = 25, but downstream of this coordinate, the values of the two curves were switched. This could be due to the fact that the highest thermal gradient along the y-direction was changed along the x-direction. However, this did not depend on the presence of the nanoparticles but, in fact, is typical behavior of cases with a moving plate, as shown in References [21, 37] . The nanofluid effect was related to an increase in the local Nusselt number of about 20% for the stationary and moving surfaces. For the highest considered Reynolds number equal to 20000, in Figure 6 , at the same volumetric concentrations, 0% and 6%, the differences between the cases with H/W = 6 and H/W = 10 were greater than the previous considered Re. For Up = 2.0 in Figure 6b , the difference between the curves for H/W = 6 and H/W = 10 started upstream of the stagnation point, at about x/W = −10. These differences became clearer downstream of the stagnation point. In detail, the local heat transfer was higher for H/W = 10 than for H/W = 6 up to about x/W = 25, but downstream of this coordinate, the values of the two curves were switched. This could be due to the fact that the highest thermal gradient along the y-direction was changed along the x-direction. However, this did not depend on the presence of the nanoparticles but, in fact, is typical behavior of cases with a moving plate, as shown in References [21, 37] . The nanofluid effect was related to an increase in the local Nusselt number of about 20% for the stationary and moving surfaces. The increase in the local Nusselt number due to an increase in the volumetric concentration of the nanoparticles for different surface-jet velocity ratios is effectively summarized in Figure 7 . The The increase in the local Nusselt number due to an increase in the volumetric concentration of the nanoparticles for different surface-jet velocity ratios is effectively summarized in Figure 7 . The local Nu profiles along the heated surface are reported for Re = 5000 and 20000 in Figure 7a ,b, respectively. It is interesting to observe, for the different Re but fixed U p , the trends were similar qualitatively, but the numerical values were completely different. In fact, the local Nu increased as the Re increases and the enhancement of the surface heat transfer, due to nanofluids, is higher as the Re value increased, as demonstrated in Figure 7b . The increase for U p = 0.8 was about 18%, whereas for U p = 2.0, it was about 22%, for Re = 5000, in Figure 7a . For Re = 20000, in Figure 7b , it was about 20% for U p = 0.8 and 2.0.
The presence of nanoparticles did not affect the dimensionless friction factor, C f , defined in Equation (11) due to the assumption of constant properties. However, to highlight the effect of the moving surface on local C f values, the profiles are reported in Figure 8 for Re = 5000 and 20000 and ϕ = 0 and 6%. The profiles are similar to the local Nu even if, at the stagnation point for U p = 0, it is equal to 0 and reached very high values in the stagnation region due to the high velocity gradient in the impingement region. The velocity gradient in the impingement region decreased, thereby increasing the surface-jet velocity ratio. These observations agree with Reference [21] . The stream function fields allowed for the fluid flow change related to the U p increase to be analyzed, as reported in Figure 9 , for the lowest considered Re value, equal to 5000, and H/W = 6. For U p = 0 (the stationary surface) in Figure 9a , the classical pair of symmetrical counter-rotating vortices are on the sides of the jet. Upon increasing the Re, the vortices expanded due to the increase in the intensity of the flow motion. The increase of U p determined a distortion of the field due to the drag of the moving surface, as detected in Figure 9b,c. It is interesting to note that for U p = 0.8, in Figure 9b , there was a smaller vortex on the left side of the impinging jet, which determined two stagnation points. For the highest U p value, shown in Figure 9c , the secondary vortex disappeared and there was one stagnation point on the moving surface. The results agree with Reference [21] . [21] .
Temperature fields, reported in Figure 10 , followed the streamlines and the main differences between the pure water and the nanofluid are highlighted by solid lines, for ϕ = 0%, and dashed lines, for the mixture at 6.0%. It is noted that the nanofluids presented the highest temperature gradients close to the heated plate and higher Nusselt numbers. The effect was more pronounced as the Up and the Reynolds number increased, in agreement with the results given in Figures Temperature fields, reported in Figure 10 , followed the streamlines and the main differences between the pure water and the nanofluid are highlighted by solid lines, for ϕ = 0%, and dashed lines, for the mixture at 6.0%. It is noted that the nanofluids presented the highest temperature gradients close to the heated plate and higher Nusselt numbers. The effect was more pronounced as the U p and the Reynolds number increased, in agreement with the results given in Figures 4-7. x/W x/W (a) (b) The local Nusselt number increase determined a corresponding increase in the average Nusselt number Nuavg, defined in Equation (12) and as shown in Figure 11 , as a function of the volumetric concentration. All curves, at assigned Up, showed a higher increase for higher volumetric concentration and this increase was greater for larger Up values. This was due to the presence of nanoparticles, which enhanced the thermal conductivity and viscosity of the mixture. The increase in the viscosity determined a greater drag of the moving plate, and consequently, a higher mass flow rate along the heated surface that augmented the heat transfer. This meant that there was a combined effect on the heat transfer. In fact, for Re = 5000 in Figure 11a , the increase of Nuavg with The local Nusselt number increase determined a corresponding increase in the average Nusselt number Nu avg , defined in Equation (12) and as shown in Figure 11 , as a function of the volumetric concentration. All curves, at assigned U p , showed a higher increase for higher volumetric concentration and this increase was greater for larger U p values. This was due to the presence of nanoparticles, which enhanced the thermal conductivity and viscosity of the mixture. The increase in the viscosity determined a greater drag of the moving plate, and consequently, a higher mass flow rate along the heated surface that augmented the heat transfer. This meant that there was a combined effect on the heat transfer. In fact, for Re = 5000 in Figure 11a , the increase of Nu avg with respect to the volumetric concentration passing from 0% to 6% was about 16% for U p = 0 and 20% for U p = 2.0, whereas the increase of Nu avg with respect to U p between 0 and 2.0 was 2.6 times greater for ϕ = 0% and 2.7 times greater for ϕ = 6%. For Re = 20000 in Figure 11b , the increase with respect to the volumetric concentration was about 17% for U p = 0 and about 19% for U p = 2.0. The increase with respect to U p for ϕ = 0% was about 2.5-fold and for ϕ = 6% is about 2.55-fold. 
with r 2 = 0.98 and for 0 ≤ ϕ ≤ 6%.
The correlation in Equation (19) is plotted in Figure 14a , where the ratio Nuavg/Nu0,avg is given as The effect of distance between the slot impinging jet section and the heated surface, referring to the slot width, H/W, was weak and practically negligible for Re = 5000, as shown in Figure 12 . It seems that the more sensible changes were observed for the stationary surface. However, the results in Figure 12a ,b, for ϕ = 0% and ϕ = 6%, respectively, allow Nu avg values to be compared directly and highlight the increase due to the presence of the nanoparticles, as underlined in the discussion regarding Figure 11 .
The average friction factor, C f,avg , as a function of the Reynolds number is reported in Figure 13 for U p = 0 and 2.0 and H/W = 6 and 10. It is noted that the greater the U p value, the greater the range of variation, and for an assigned Re value, the C f,avg values for U p = 0.4 were lower than those of the C f,avg values for U p = 0. This was more evident for H/W = 10 in Figure 13b , in agreement with Reference [21] . 
The correlation in Equation (19) is plotted in Figure 14a , where the ratio Nuavg/Nu0,avg is given as a function of the volumetric concentration. All points are reported and the effect of Up and H/W on the ratio was reduced to ±5, as shown in Figure 14b . The average Nusselt number, Nu avg , values evaluated using the results of the simulations were correlated in terms of the Reynolds numbers and surface-jet velocity ratio. The correlation for ϕ = 0% was as follows:
with r 2 = 0.99. The correlation was for 5000 ≤ Re ≤ 20000 and 0 ≤ U p ≤ 2.0. The ratio between the average Nusselt number for nanofluids, Nu avg , and the one for the base fluid, Nu 0,avg , was correlated to the volumetric concentration ϕ, as:
with r 2 = 0.98 and for 0 ≤ ϕ ≤ 6%. The correlation in Equation (19) is plotted in Figure 14a , where the ratio Nu avg /Nu 0,avg is given as a function of the volumetric concentration. All points are reported and the effect of U p and H/W on the ratio was reduced to ±5, as shown in Figure 14b . 
Conclusions
A numerical analysis of a two-dimensional turbulent mode for a confined slot jet impinging on a moving isothermal surface and operating with nanofluids was carried out. Different volume concentrations of Al2O3 nanoparticles were taken into account, assuming a single-phase model approach. Results showed that the effect of the increase in the velocity of the moving plate was the significant reduction of local Nusselt numbers at the stagnation point and their quasi-uniform values along the moving plate downstream of the stagnation point, according to the literature [21] . The combined effect of the moving plate and nanofluids resulted in a greater increase of the local Nusselt number in the downstream region. The maximum increase of the local Nusselt number was about 20% for the heated surface, both in stationary and moving conditions. A weak dependence on H/W for the considered values equal to 6 and 10 was detected. As expected, the volumetric concentration of the mixture did not affect the stream function and friction factor, and the trends of the local friction factor were very similar to the local Nusselt number trends, as found in Reference [21] . The 
A numerical analysis of a two-dimensional turbulent mode for a confined slot jet impinging on a moving isothermal surface and operating with nanofluids was carried out. Different volume concentrations of Al 2 O 3 nanoparticles were taken into account, assuming a single-phase model approach. Results showed that the effect of the increase in the velocity of the moving plate was the significant reduction of local Nusselt numbers at the stagnation point and their quasi-uniform values along the moving plate downstream of the stagnation point, according to the literature [21] . The combined effect of the moving plate and nanofluids resulted in a greater increase of the local Nusselt number in the downstream region. The maximum increase of the local Nusselt number was about 20% for the heated surface, both in stationary and moving conditions. A weak dependence on H/W for the considered values equal to 6 and 10 was detected. As expected, the volumetric concentration of the mixture did not affect the stream function and friction factor, and the trends of the local friction factor were very similar to the local Nusselt number trends, as found in Reference [21] . The average Nusselt number presented larger increases for the higher surface-jet velocity ratio, with increases of up to 20% for assigned U p and an over 2.5-fold increase in the Nu value for water in the stationary plate condition.
Moreover, two correlations were proposed, one among the average Nusselt number for pure water, ϕ = 0%, the Reynolds number, Re, and the surface-jet velocity ratio, U p ; and the other for the ratio between the average Nusselt number for nanofluids, Nu avg , and the average Nusselt number for the base fluid, Nu 0,avg , and the volumetric concentration, ϕ. They were defined in the ranges: 5000 ≤ Re ≤ 20000, 0 ≤ U p ≤ 2.0, and 0 ≤ ϕ ≤ 0.06, for 6 ≤ H/W ≤ 10.
It should be underlined that the assumption of temperature-independent properties can result in certain limitations in the results. This is mainly related to the viscosity dependence on temperature, which can affect the results within an error of 20% [49] . A correction for the evaluation of the average Nusselt number is to multiply the value obtained using Equation (19) by (µ j /µ p ) 1/4 , as given in Reference [50] . Another limitation is related to the non-Newtonian behavior of nanofluids, as recently investigated in Reference [51] for a laminar regime. This point should be analyzed in the turbulent regime to evaluate the possible differences with respect to the Newtonian approach. 
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